Inflammatory cytokines have a critical role in the progressive deterioration of pancreatic β-cell function and development of type 1 diabetes. Prolonged exposure of β-cells to inflammatory cytokines results in gene expression modifications, leading to loss of β-cell function. MicroRNAs (miRNAs) are small non-coding RNAs acting as key regulators of gene expression. Here, we demonstrate that miR-101a and miR-30b are key players in cytokine-mediated β-cell dysfunction. We found that IL-1β induces an increase in miR-101a and miR-30b in MIN6 cells, and that the two miRNAs participate in β-cell dysfunction, including decreased insulin content, gene expression, and increased β-cell death. miR-101a and miR-30b reduce proinsulin expression and insulin content by directly targeting the transcriptional factor Neurod1. In addition, β-cell apoptosis mediated by miR-101a and miR-30b is associated with diminished expression level of the antiapoptotic protein Bcl2. Moreover, we show that miR-101a causes an impairment in glucose-induced insulin secretion by decreasing the expression of the transcription factor Onecut2. Taken together, our findings suggest that changes in the levels of miR-101a and miR-30b contribute to cytokine-mediated β-cell dysfunction occurring during the development and progression of type 1 diabetes.
Type 1 diabetes is a chronic autoimmune disease characterized by an inflammatory response against pancreatic islets, leading to selective and progressive destruction of pancreatic β-cells. 1, 2 Proinflammatory cytokines such as interleukin (IL)-1β, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ, released by infiltrating immune cells, have a vital role in β-cell failure and the development of type 1 diabetes. [1] [2] [3] [4] Chronic exposure of β-cells to these cytokines results in impaired insulin biosynthesis and secretion and in β-cell loss. Thus, it is important to clarify the exact mechanisms by which β-cells are destroyed, so as to determine the causes of type 1 diabetes and develop new approaches for the treatment of the disease. Several mechanisms have been reported to be involved in the cytotoxic effects of inflammatory cytokines, including the induction of modification in gene expression of pancreas-specific transcription factors and the impairment of key signaling pathways. 2, 4 MicroRNAs (miRNAs) are endogenous small non-coding RNAs that act as post-translational regulators of gene expression. 5 miRNAs regulate gene expressions mainly by binding to specific sequences of 3′-untranslated regions (UTRs) of target mRNAs, leading to translational repression or mRNA degradation. 5, 6 These molecules are implicated in many physiological and pathological processes. 7 miRNAs are also involved in the development of diabetes, and have been shown to have potential roles in the regulation of β-cell functions. [8] [9] [10] [11] miR-375 negatively regulates insulin gene expression by targeting PDK1, and glucose-induced reduction of miR-375 ultimately leads to defective insulin synthesis. 8, 12 The development of diabetes in diabetic db/db mice is associated with a strong induction of miR-34 in β-cells, which reduces glucose-stimulated insulin secretion (GSIS) and affects cell survival, possibly via its target protein Vamp2 and Bcl2. 13 Recent studies have shown that several miRNAs contribute to the onset and development of type 1 diabetes and have a fundamental role in β-cell destruction induced by inflammatory cytokines. 14, 15 High levels of miR-21, miR-29, miR-34, and miR-146 are observed in the pancreatic islets of prediabetic NOD mice, a known type 1 diabetes model. Prolonged exposure of MIN6 cells or mouse pancreatic β-cells to inflammatory cytokines induces marked upregulation of miR-21, miR-29, miR-34a, and miR-146a, which can alter insulin synthesis and secretion and promote β-cell apoptosis. 14, 15 Roggli E et al. 14 took advantage of global microarray profiling to detect changes in miRNA expression in β-cells exposed to cytokines, and further determined possible functions of some miRNAs such as miR-21, miR-34a, and miR-146a. Our group chose miRNAs that varied in levels of expression between the microarray assays (including 10 upregulated miRNAs and 10 downregulated miRNAs, for which expression levels were highly consistent in Roggli E's two duplicate microarrays). They were used for further confirmation by real-time PCR analysis, among which miR-101a and miR-30b were induced by proinflammatory cytokines. In this study, we describe the effects of miR-101a and miR-30b on the secretory capacities of β-cells and their sensitivity to apoptosis and further investigated their possible mechanisms.
MATERIALS AND METHODS Cell Culture and Chemicals
The insulin-secreting cell line MIN6 was maintained in Dulbecco's modified Eagle's medium (DMEM, Invitrogen, Carlsbad, CA, USA) supplemented with 15% heat-inactivated fetal calf serum (FBS), 50 IU/ml penicillin, 50 mg/ml streptomycin, and 70 mmol/l β-mercaptoethanol (Millipore, Billerica, MA, USA). The cells were cultured at 37°C in a humidified atmosphere of 5% CO 2 . The human embryonic kidney (HEK) 293 cells were cultured in DMEM supplemented with 10% FBS. Recombinant mouse IL-1β and TNF-α were purchased from Miltenyi Biotec (Teterow, Germany), and IFN-γ was obtained from Biolegend (San Diego, CA, USA). Hoechst dye 33342 was purchased from Beyotime (Jiangsu, China).
Overexpression and Inhibition of miRNAs
To overexpress miRNAs, the cells were transfected with RNA duplexes corresponding with the mature sequence of mmu-miR-101a and mmu-miR-30b (miR-101a mimics and miR-30b mimics, GenePharma, Shanghai, China). An unrelated known miRNA was used as a control (NC mimics). Endogenous activity of the miRNAs was blocked by using the corresponding clear-MiR miRNA inhibitor (GenePharma). The transfections of MIN6 cells were performed with Lipofectamine 2000 (Invitrogen) following the manufacturer's instructions.
miRNA Detection
The MIN6 cells were treated with either 10 ng/ml IL-1β, 10 ng/ml IFN-γ, 10 ng/ml TNF-α, or a mix of 10 ng/ml IL-1β, 10 ng/ml TNF-α, and 10 ng/ml IFN-γ for 24 h. Then, total RNA from the cells was isolated using Trizol (Invitrogen). Mature miRNAs measurements were performed using a quantitative miRNA Detection kit (GenePharma). The results were normalized to the relative expression of U6.
Analysis of the Expression of Protein-Coding Genes
Total RNA from the cells was extracted using Trizol (Invitrogen), and cDNA was synthesized from 1 μg of total RNA by means of the reverse reaction kit, according to the manufacturer's protocols (Promega, Madison, WI, USA). And then quantitative real-time RT-PCR analysis of proinsulin, Neurod1, Onecut2, and Bcl2 was performed in an iQ5 qRT-PCR detection system (Bio-Rad, Hercules, CA, USA). GAPDH was used as a reference gene for normalization. Primer sequences for Q-PCR: proinsulin forward 5′-TGGC TTCTTCTACACACC CA-3′, reverse 5′-TCTAGTTGCAGTA GTTCTCCA-3′; Neurod1 forward 5′-GCCCTTTTGCTAA GA TTGCTGC-3′, reverse 5′-GTTTCTTCCAAAGGCAGTA ACGACA-3′; Onecut2 forward 5′-GCCACGCCGCTGGG CAAC-3′, reverse 5′-CAGCTCCCGGACGTGGC-3′; Bcl2 forward 5′-TCGCAGAGA TGTCCAGTCAG-3′, reverse 5′-ATGCCGGTTCAGGTACTCAG-3′ GAPDH forward 5′-TCT GAC GTGCCGCCTGGAGA-3′, reverse 5′-CAGCCCCGGCA TCGAAGGTG-3′. The qRT-PCR experiments were repeated three times.
Insulin Determination
The MIN6 cells were transfected with miRNAs mimics or inhibitor. After 48 h, the cells were washed and preincubated for 30 min in Krebs buffer (127 mmol/l NaCl, 4.7 mmol/l KCl, 1 mmol/l CaCl 2 , 1.2 mmol/l KH 2 PO 4 , 1.2 mmol/l MgSO 4 , 5 mmol/l NaHCO 3 , 0.1% BSA, and 25 mmol/l HEPES, pH 7.4) containing 2 mmol/l glucose. The medium was discarded, and the cells were incubated in the same buffer. For GSIS, the cells were incubated in a Krebs buffer containing 20 mmol/l glucose. After 1 h stimulation, supernatants were collected. And the cells were also lysed in 75% ethanol and 0.55% HCl to evaluate total insulin content. The amount of insulin in the samples was determined by ELISA.
Luciferase Assay
To generate luciferase reporter constructs, the 3′-UTR regions of Neurod1, Onecut2, or Bcl2 containing the predicted target sites of miR-101a or miR-30b were cloned into pMIR-REPORT miRNA expression reporter vector (Ambion, Shanghai, China) by using synthesized fragments. The corresponding mutant plasmids were also constructed. For luciferase reporter assays, pMIR-Neurod1 (Onecut2 or Bcl2)-3′-UTR (WT or MUT) plasmid was co-transfected with miR-101a or miR-30b mimics into the HEK293 cells. The pMIR-REPORT-β -gal control vector was co-transfected as an internal control. The cells were collected 48 h after transfection and detected using the Dual-Luciferase Reporter Assay System (Promega).
Western Blots
Cells were lysed using SDS lysis buffer containing protease inhibitors. Samples were loaded to 12% SDS/PAGE gels and subjected to electrophoresis. Proteins were transferred to nitrocellulosemembranes and subsequently determined with antibody against Neurod1 (Epitomics, Burlingame, CA, USA), Bcl2 (Sigma-Aldrich, St Louis, MO, USA), Onecut2 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and GAPDH (Millipore).
Cell Death
For the assessment of cell death, MIN6 cells were plated in 24-well plate and transiently transfected with miRNAs mimics or inhibitor. After 3 days, the cells were stained with Hochest33342, and fraction of dying cells was determined by scoring the cells displaying picnotic nuclei upon the staining. The experiment was carried out blindly, and at least 500 cells per condition were analyzed. Transfection experiments were performed in duplicates and repeated at least thrice in independent experiments.
Statistical Analysis
All statistical analyses were performed using the SPSS 13.0 software (Chicago, IL, USA). Results are expressed as mean ± s.d. from at least three separate experiments. Data were analyzed by ANOVA followed by the post hoc Dunnett's test for multiple comparisons. In all cases, Po0.05 was considered with statistical significance.
RESULTS

Determination of Mouse miRNAs That Are Induced by
Inflammatory Cytokines in Pancreatic β-cells Roggli et al. 14 took advantage of miRNA chip analysis to select candidate miRNAs that are involved in cytokine-induced β-cell failure. To find functional miRNAs and investigate the effects of these miRNAs on the β-cell function, we first confirmed the changes in expression of selected miRNAs in cytokine-treated β-cells. The mouse insulin-secreting cell line MIN6 cells were incubated for 24 h in the presence of a mix of 10 ng/ml IL-1β, 10 ng/ml TNF-α, and 10 ng/ml IFN-γ, and then the expression levels of miR-101a and miR-30b were detected by qRT-PCR. The results reveal that under Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al cytokine-induced cytotoxic condition, the expression of miR-101a and miR-30b increased ( Figure 1a ). We also determined the expression levels of miR-21, miR-34a, and miR-146a, which had been confirmed in Roggli E's study. The results show that a mix of inflammatory cytokines actually induced an increase of the three miRNAs ( Figure 1b ). To further determine the effects of different cytokines in the induction of miR-101a and miR-30b, the MIN6 cells were treated with 10 ng/ml IL-1β, 10 ng/ml TNF-α, 10 ng/ml IFN-γ, or a mix of these cytokines for 24 h. We observed that the two miRNAs expression could be induced by IL-1β-treatment, but not by TNF-α or IFN-γ ( Figure 1b ).
miR-101a and miR-30b Impair Insulin Biosynthesis
To test the effects of miR-101a and miR-30b on pancreatic β-cell function, we overexpressed or inhibited the two miRNAs by transfecting miRNAs mimics or inhibitors ( Figure 2a ). We then assessed the impact of the two miRNAs on insulin biosynthesis. The results show that overexpression of miR-101a or miR-30b led to a reduction of proinsulin mRNA levels and total insulin content in MIN6 cells, whereas blockade of endogenous miRNAs function increased proinsulin expression and insulin content (Figures 2b and c).
To further confirm the role of miR-101a and miR-30b in inflammatory cytokine-induced β-cell dysfunction, the MIN6 cells were transfected with miR-101a or miR-30b inhibitor, or a control antisense oligonucleotide. The day after transfection, the cells were incubated for 24 h in the presence of 10 ng/ml IL-1β, and the proinsulin mRNA levels were determined by qRT-PCR. As expected, treatment of the cells with IL-1β resulted in a decrease in proinsulin mRNA levels ( Figure 2d ). However, transfection of the cells with miR-101a or miR-30b inhibitor could partially prevent the decreases in the cells, which indicated that pretreatment of miR-101a or miR-30b inhibitor was able to restore insulin biosynthesis in IL-1β-treated cells (Figure 2d ). These results suggest that the changes in miR-101a and miR-30b expression mediated by inflammatory cytokines have an important role in the impairment of insulin biosynthesis. Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al
Pancreas-Specific Transcription Factor Neurod1 Is a Direct Target of miR-101a and miR-30b
Having established a role for miR-101a and miR-30b in suppressing insulin synthesis in MIN6 cells, we next aimed to clarify its mechanism. We considered it unlikely that miR-101a and miR-30b target the insulin gene directly because the insulin mRNA 3′-UTR doesn't contain any TargetScan-predicted binding sites. We used the online software TargetScan to predict potential target genes of miR-101a and miR-30b. Surprisingly, the transcriptional factor Neurod1 was found to be a predicted target of the two miRNAs. Neurod1 is an important transcriptional activator of insulin gene expression. To obtain direct evidence that Neurod1 3′-UTR is a target of miR-101a and miR-30b, we subcloned the fragments of the Neurod1 3′-UTR containing the target sequences, or the fragments whose target sites were mutated, into a luciferase reporter vector, respectively. By co-transfection of the reporter plasmids and miR-101a or miR-30b mimics into HEK293 cells, we found that miR-101a and miR-30b mimics markedly decreased the activities of wildtype luciferase reporter vectors, but had no effect on the corresponding mutant luciferase vectors (Figure 3a) . Furthermore, transfection of miR-101a or miR-30b mimics decreased Neurod1 expression in MIN6 cells in both the mRNA and protein levels (Figure 3b ), whereas transfection of miR-101a or miR-30b inhibitors increased Neurod1 expression (Figure 3c ), suggesting that Neurod1 expression could be inhibited by miR-101a and miR-30b via both translational inhibition and mRNA degradation. Taken together, these data demonstrate that miR-101a and miR-30b selectively target Neurod1 and downregulate its expression.
miR-101a but Not miR-30b Suppresses Insulin Release
We next investigated the effects of miR-101a and miR-30b on the secretory capacity of MIN6 cells. Overexpression of miR-101a did not affect basal secretion but reduced glucoseinduced insulin release (Figure 4a ). Nevertheless, miR-30b overexpression had no significant effect on insulin secretion (Figure 4a ). To further confirm the effect of miR-101a on insulin release in inflammatory cytokine-mediated β-cell dysfunction, miR-101a or miR-30b inhibitor was transfected into the cells, and then incubated in the presence of IL-1β Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al (2 ng/ml). After 24 h stimulation, insulin from supernatants was detected by ELISA assays. The results show that the treatment of MIN6 cells with 2 ng/ml IL-1β, a condition that alone did not significantly affect cell survival owing to a lower dose of IL-1β (data not shown), led to impaired GSIS (Figure 4b ). However, anti-miR-101a pretreatment was able to alleviate the secretory defect elicited by IL-1β (Figure 4b ).
miR-101a Targets Directly Onecut2, Thereby Inhibiting Insulin Secretion
Insulin release from pancreatic β-cells has an essential role in blood glucose homeostasis. The transcription factor, Onecut2, has vital roles in regulating insulin release. It is noteworthy that, by using bioinformatic tools, Onecut2 may be a potential target of both miR-101a and miR-30b. The above results revealed that only miR-101a but not miR-30b can suppress insulin secretion. So, next, we investigated whether Onecut2 is a direct target of miR-101a and miR-30b. The fragments of the Onecut2 3′-UTR containing the target sequences were cloned into downstream of a luciferase reporter vector, and the corresponding pMIR-3′-UTR-MUT was also constructed. The vectors were then co-transfected into the MIN6 cells with miR-101a mimics, miR-30b mimics or negative control. It was found that increased levels of miR-101a inhibited the activity of a luciferase construct containing the 3′-UTR sequence of Onecut2 (Figure 5a ), whereas this effect was abrogated by mutation of the sequence recognized by the miRNA, indicating a direct interaction between the 3′-UTR of Onecut2 and miR-101a. In contrast, miR-30b did not affect the activity, suggesting that only miR-101a is able to recognize the 3′-UTR of the Onecut2 gene (Figure 5a ). In agreement with this finding, qRT-PCR and western blot analysis confirmed that overexpression of miR-101a decreased Onecut2 expression both in mRNA and protein levels, whereas miR-30b did not have effect on Onecut2 expression (Figure 5b ). These data reveal that miR-101a targets directly Onecut2, thereby downregulating its expression and suppressing insulin release, whereas miR-30b does not exert the function.
miR-101a and miR-30b Promote Cytokine-Induced β-Cell Apoptosis Prolonged exposure of β-cells to cytokines may mediate β-cell apoptosis in autoimmune diabetes. The effect of elevated levels of miR-101a and miR-30b induced by cytokines stimulation on cell survival was next investigated. Overexpression of miR-101a or miR-30b in MIN6 cells caused increased number of cells undergoing apoptosis (Figure 6a ). Conversely, transfection of the cells with miR-101a or miR-30b inhibitor diminished the number of dying cells in the presence of a high dose of IL-1β (10 ng/ml), which is known to cause apoptosis (Figure 6b ).
miR-101a and miR-30b Trigger β-cell Apoptosis by Inhibiting Bcl2
We postulated that miR-101a and miR-30b may promote apoptosis by suppressing the antiapoptotic protein Bcl2 in MIN6 cells. Interestingly, the mouse Bcl2 gene is a potential target of miR-30b as predicted by Targetscan. Therefore, we performed luciferase reporter assays to demonstrate that mmu-miR-30b binds to the 3′-UTR region of Bcl2 (Figure 7a ). Moreover, qRT-PCR and western blot analysis also show that overexpression of miR-30b could downregulate Bcl2 expression levels, whereas transfection of MIN6 cells with miR-30b inhibitor increased Bcl2 expression (Figures 7b and c) . These data suggest that miR-30b regulates Bcl2 by directly targeting its 3′-UTR. The mouse Bcl2 3′-UTR Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al doesn't appear to contain a binding site of miR-101a. It has been reported that hsa-miR-101a may negatively regulate Bcl2 expression through suppression of STAT3. Next, we investigated whether miR-101a could affect STAT3 expression level, consequently downregulating Bcl2 expression in MIN6 cells.
To address this question, MIN6 cells were transfected with miR-101a mimics or a negative control, and then STAT3 and Bcl2 expression were determined by western blot. The result confirms that there is a significant reduction of the level of STAT3 and Bcl2 in MIN6 cells overexpressing miR-101a (Figure 7d ). To demonstrate a direct link between the reduction of STAT3 and the effect of miR-101a on Bcl2 expression, miR-101a was transfected into MIN6 cells with STAT3-expressing vector. As shown in Figure 7e , transfection of the cells with STAT3-expressing vector abrogated the inhibitory effect of miR-101a on Bcl2 expression, indicating that at least part of the effect of miR-101a on Bcl2 expression is mediated by STAT3 pathway.
DISCUSSION
During the development of type 1 diabetes, inflammatory cytokines are believed to be key mediators of β-cell dysfunction. 2 Chronic exposure of β-cells to inflammatory mediators will result in changes in gene expression, loss of cellular function, and cell death by apoptosis. [2] [3] [4] miRNAs are important regulators of gene expression, and several miRNAs including the miR-29 family and miR-34, have been reported as upregulated by prolonged exposure to cytokines, with Figure 5 miR-101a binds to Onecut2 3′-UTR and regulates its expression, but miR-30b does not. (a) Potential binding sites of miR-101a and miR-30b within the Onecut2 3′-UTR are shown. HEK293 cells were transiently co-transfected with relative luciferase reporter constructs containing either a wildtype (WT) or a mutated (MUT) Onecut2-binding site sequences with miR-101a or miR-30b mimics. Two days later, luciferase activities were measured and normalized to a renilla luciferase activity. The data shown are the mean ± s.d. of three replicates and are representative of three independent experiments. (b) Only miR-101a but not miR-30b downregulates Onecut2 expression. A real-time PCR analysis was performed 36 h after transfection with miR-101a or miR-30b mimics, or with a negative control. A western blot analysis was performed 48 h after transfection with miR-101a or miR-30b mimics, or with a negative control. *Po0.05, compared with respective control. GAPDH, glyceraldehyde-3-phosphate dehydrogenase; 3′-UTR, 3′-untranslated region.
Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al effects on the secretory capacities of β-cells and their sensitivity to apoptosis. 14, 15 In the present study, we demonstrate two additional miRNAs that are induced in cytokine-treated β-cells, miR-101a, and miR-30b. These two miRNAs, which are expressed in mouse pancreatic β-cells, are increased after treatment with a cytokine mix. Furthermore, expression of the miRNAs is induced by IL-1β treatment, but not by TNF-α or IFN-γ. These results are in good agreement with those obtained previously by Roggli's microarray analyses. 14 IL-1β has been proposed to have a key role in inflammatory cytokine-mediated destruction of pancreatic β-cells during the development of autoimmune type 1 diabetes. IL-1β has a more pronounced pro-apoptotic effect than TNF-α or IFN-γ. 16 The exposure of β-cells to IL-1β alone results in impairment of β-cell specialized function, but not TNF-α or IFN-γ. IL-1β causes the β-cell damage mainly by regulating cellular signaling pathways such as Fas, NF-κB and an others. 17, 18 Previous studies demonstrated that expression of miR-101a is modulated by the PI3K/Akt signaling pathway, which is activated in response to IL-1β. 19, 20 Wei et al. 21 have demonstrated that miR-30b is positively regulated by NF-κB. Therefore, we believe that IL-1β alone is capable of inducing alterations in miR-101a and miR-30b expression, and that IL-1β-mediated signaling pathways participate in the induction of miR-101a and miR-30b in β-cells, though the latter hypothesis requires further investigation.
Our results demonstrate that miR-101a and miR-30b downregulate proinsulin expression and decrease total insulin content in MIN6 cells. Moreover, blockade of endogenous miR-101a and miR-30b can restore insulin biosynthesis in IL-1β-treated β-cells. These data suggest that miR-101a and miR-30b may contribute to an impairment of insulin biosynthesis mediated by inflammatory cytokines. Insulin gene transcription is tightly regulated by a network of transcriptional activators and repressors that maintain β-cell fate and function. 22 Transcriptional activators, such as Pdx1, MafA, and Neurod1, facilitate insulin transcription, [23] [24] [25] whereas transcriptional repressors of the insulin gene, including Hes1, Sox6, and Crem, have the opposite effect. [26] [27] [28] Neurod1 has been shown to be upregulated in tandem under high-glucose conditions, which can bind to the E element of the insulin genes and modulate the expression of genes. 24 The transcription factor Neurod1 is a predicted target of miR-101a and miR-30b. In agreement with the computational predictions, our study shows that miR-101a and miR-30b negatively regulate Neurod1 expression through direct base pairing with its 3′-UTR. In brief, miR-101a and miR-30b have a key role in a defective insulin production during cytokine-mediated β-cell failure.
Insulin release from pancreatic β-cells is a precisely regulated event permitting tight control of blood glucose levels. Several proteins controlling insulin exocytosis have been identified, but the factors determining the expression of the components of the secretory machinery in β-cells remain largely unknown. Herein, we demonstrate that miR-101a has a critical role in the control of the secretory function of insulin-producing cells. Overexpression of miR-101a leads to a loss in the efficiency of the cells to respond to glucose stimuli, whereas pretreatment with miR-101a inhibitor could improve GSIS in cytokine-treated cells. We also examined the effect of miR-30b on GSIS, but no effect was observed, in agreement with Plaisance's previous study. 9 miR-101a suppresses GSIS in pancreatic β-cells, probably via an alteration in the components of the secretory machinery and their regulatory proteins. Several proteins controlling insulin exocytosis have been reported, including Rab3, Rab27 GTPases, and their effectors Noc2 and Granuphilin. 29, 30 Granuphilin is a Rab3/Rab27 effector that is associated with dense-core secretory granules of pancreatic β-cells and few other endocrine cells. 9 Granuphilin exerts a potent negative modulatory action on insulin Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al exocytosis, and maintaining adequate levels of this protein appears to be a critical prerequisite for preserving insulin secretory capacity. 9 Onecut2, a key transcription factor, controls the expression of granuphilin, a Rab guanine triphosphate (GTP)ase effector that colocalizes with the dense-core, insulin-containing granules of pancreatic β-cells and acts as a potent inhibitor of insulin exocytosis. 9 In the current study, Onecut2 was confirmed to be a direct target of miR-101a by luciferase reporter assays. qRT-PCR and western blot analysis also revealed a decrease in the level of the transcriptional factor Onecut2 upon miR-101a overexpression. Thus, by decreasing Onecut2 levels, miR-101a is likely to enable increased amounts of granuphilin, resulting in a defective insulin secretion.
Prolonged exposure to proinflammatory cytokines is known to affect β-cell survival. 2, 4 However, the exact mechanism underlying the cytotoxic effects of the inflammatory cytokines is not completely understood. In our study, we demonstrated that overexpression of miR-101a and miR-30b in MIN6 cells increases apoptosis, whereas blockade of the two miRNAs protects β-cells from the deleterious effect of inflammatory mediators. Thus, miR-101a and miR-30b may participate in the process of cytokine-mediated β-cell apoptosis. Inflammatory cytokines can trigger β-cell death through the 'mitochondrial' or intrinsic pathway of apoptosis. This pathway is regulated by the Bcl-2 (B-cell lymphoma-2) protein family, which includes pro-(such as the Bcl-2 homology 3 (BH3)-only proteins) and antiapoptotic proteins, which mainly include Bcl-2, Bcl-XL, myeloid cell leukemia sequence-1 (Mcl-1) and A1 (also known as Bcl-2A1). [31] [32] [33] [34] Bcl2, a member of antiapoptosis protein family, has been shown to protect β-cells from cytokine-induced cell death, which can control mitochondrial integrity, and the cysteinylaspartate-specific proteases or caspases, thereby inhibiting apoptosis. 31 Hsa-miR-101a and hsa-miR-30b have been determined to reduce Bcl2, consequently accelerating apoptosis. 21, 35 Therefore, we assumed that the effect of miR-101a and miR-30b on apoptosis may be also associated with the antiapoptotic protein Bcl2 in MIN6 cells. By luciferase reporter assays, we confirmed that mmu-miR-30b can bind to 3′-UTR of mouse Bcl2 gene, as predicted by TargetScan. qRT-PCR and western blot analysis also showed that miR-30b reduces Bcl2 expression in MIN6 cells. As for miR-101a, no recognition sites in 3′-UTR region of Bcl2 mRNA are identified, which suggests an indirect effect of the miRNA on Bcl2 expression. Koukus et al. 35 reported that miR-101a could regulate Bcl2 through the STAT3 pathway. Whether a similar mechanism is operating in β-cells remains Effect of miR-101a/30b on β-cell dysfunction Y Zheng et al to be established. We observed that overexpression of miR-101a reduces the expression of Bcl2 in MIN6 cells, whereas transfection of the cells with STAT3-expressing vector could abrogate the effect, indicating that miR-101a may decrease Bcl2 expression at least partly by suppressing STAT3 pathway in MIN6 cells. These results suggest that miR-101a and miR-30b can directly or indirectly suppress the antiapoptotic protein, Bcl2. Given that downregulation of this antiapoptotic protein is a crucial event, leading to β-cell apoptosis in response to cytokines, we believe that miR-101a and miR-30b have a vital role in cytokine-mediated β-cell death and may also serve as therapeutic strategies to selectively promote survival for β-cells in autoimmune type 1 diabetes. Although the insulin therapy has improved the lives of people affected by autoimmune type 1 diabetes, it is still one of the most challenging health problems worldwide, owing to high rates of complications in type 1 diabetes. A number of studies showed that miRNAs have an important role in the etiology and pathogenesis of type 1 diabetes and its complications. Changes in miRNA expression in type 1 diabetes cause β-cell dysfunction and promote cell apoptosis. Restoration of expression of miRNAs to normal levels may act as a potential therapy for maintaining sufficient insulin secretion. Our findings suggest that miR-101a and miR-30b significantly inhibit insulin production and promote β-cell apoptosis, by targeting some related genes. Considering that human miR-101a and miR-30b genes share similar sequences with mouse miR-101a and miR-30b, they may have a pivotal role in β-cell dysfunction in NOD mouse and human islets, thus leading to the onset and development of type 1 diabetes. In light of the important role of miR-101a and miR-30b in type 1 diabetes, they may become novel pharmacological targets for the treatment of type 1 diabetes in the future.
Because the current study was carried out in vitro, there are questions that need to be addressed in the future. Studies in NOD mice, an animal model sharing many characteristics of human type 1 diabetes, may enhance our understanding of the contribution of miR-101a and miR-30b to the development of this disease in vivo. It will also be important to confirm the roles of miR-101a and miR-30b during the initial phases of type 1 diabetes in humans. Nonetheless, this study provides evidence that the contributions of miR-101a and miR-30b to β-cell dysfunction are associated with their regulation of relative function genes. Because each miRNA can regulate the expression of many mRNAs, the identification of additional miR-101a and miR-30b targets promises to highlight new candidate genes potentially involved in type 1 diabetes.
